To clarify the interactive effects of alcohol intake and angiotensinogen gene codon 174 (T174M) polymorphisms on blood pressure in Japanese male workers.
Introduction
Enormous knowledge on genetic background for hypertension has been rapidly collected in recent years. As a result, some epidemiological studies (Jeunemaitre et al., 1992; Winkelmann et al., 1999; Hunt et al., 1998; Johnson et al., 1996; Iso et al., 2000) reported that angiotensinogen (AGT) gene polymorphism such as codon 235 methionine-threonine substitutions (M235T), or codon 174 threonine-methionine substitutions (T174M) were associated with increased blood pressure. Furthermore, some reports (Hunt et al., 1998; Hunt et al., 1999) showed the variability of blood pressure response to reduction in weight or salt intake by the AGT genotype. Thus, the relation of the AGT genotype with susceptibility of blood pressure to environmental factors now attracts much attention in the field of preventive cardiology.
It is well known that high blood pressure is closely related to drinking habits (Stamler et al., 1997 ; Members of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordinating Committee, 1997; Klatsky et al., 1977) and moderation of alcohol consumption is one of essential factors to the prevention of hypertension (Members of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordinating Committee, 1997). However, it is still unclear whether susceptibility of blood pressure to alcohol drinking is also affected by the AGT genotype. Therefore, in this study, for a Japanese male worker population, a cross-sectional and longitudinal analysis was conducted to investigate the interactive effects of alcohol intake and angiotensinogen gene T174M polymorphism on blood pressure.
Methods

Subjects
At the executive office of a sales company located in Tokyo metropolitan area, the annual mandatory health check-up was conducted for 271 male workers on May 2000. Of these examinees, 73 persons had been converted to the office from other local offices or stores of the company during the preceding two years. The residual 198 individuals had worked at the office throughout the period from 1998 to 2000, and had been examined also at the same health check-up conducted on May 1998. These 198 individuals with both health examination data for 1998 and 2000 were considered as candidates for the study subjects. Prior to the health check-up in 2000, for each of these 198 individuals the objective of this study was informed by showing a written instruction form with oral explanation, and then, participation in a detailed questionnaire survey for nutrition intake and performance of AGT genotype analysis were asked. As a result, 195 individuals gave consent to the full participation in the present survey with signature (Three persons refused the genetic analysis.).
Health check-up
The contents of the health check-up were the same between 1998 and 2000, consisting of a questionnaire survey, measurement of height, weight, blood pressure, hematological and serum biochemical tests, chest X-ray, electrocardiography and fundus photography. The items of the questionnaire included age, marital status, residence, current status and past histories of medication, family history of diseases, drinking history, smoking history, and cigarettes consumption per day. All the examinees were requested not to take any foods or alcohol after 9 p.m. of the day before the examination day and were obliged to stop smoking during the examinations. The blood pressure was measured at seated position in a chair after at least five minutes of rest by a technician using a sphygmomanometer.
Nutrition survey
In this study, for the purpose of estimating the intake levels of ethanol and sodium, a nutrition survey was conducted for the subjects at 2000. The survey used a slightly modified version of the semi-quantitative food frequency questionnaire (SQFFQ) adopted in the multi-objective cohort study of the Ministry of Health, Labor and Welfare in Japan. The details of the SQFFQ are shown in elsewhere (Tsubono et al., 1996) , and the validity of this original questionnaire has already been ascertained (Sasaki et al., 2003) . The subjects were requested to answer the questionnaire on the basis of recall of the dietary habits during the preceding two years. Considering relatively low contribution of foods as sources of sodium intake (Tsubono et al., 1996) , in this study, the intake frequency of sushi or sashimi (raw fishes) and the volume of soysauce use for sushi or sashimi intake were added to the original questionnaire chiefly to make estimate of sodium intake more correct. Daily sodium intake was calculated according to the fourth edition of standard tables of food composition in Japan (Kagawa, 1998) . For the estimates of alcohol intake, the subjects were, first, asked to choose the relevant drinking frequency from the following six categories in the questionnaire: "never or seldom", "one to three days per month", "one or two days per week", "three or four days per week", "five or six days per week", and "everyday". Secondly, usual combination of preferred alcoholic beverages and average intake amount for each beverage per one drinking occasion were questioned. For this question, the subjects were requested to choose intake amount per one drinking occasion for each of Japanese sake, shocyu, beer, whiskey and wine as the alcoholic beverages from the following eight categories: 0, 0.5 unit, 1 unit, 2 units, 3 units, 4 units, 5 or 6 units, and 7 or more units; 1 unit: 180 ml for Japanese sake, and shocyu, 633 ml for beer, 30 ml for whisky, and 60 ml for wine, respectively. On the basis of these answers, daily alcohol consumption was calculated from the ethanol concentration contained in each beverage (Kagawa, 1998) for each subject.
In the results of the questionnaire survey, there were 10 useless replies that included 10 or more invalid answers for the question items, and, therefore, the valid estimates of sodium or alcohol intake turned out to be difficult for these 10 subjects. Accordingly, these persons were excluded from the subjects, and a total of 185 individuals were subjected to the actual epidemiological analyses.
Genotyping
Genotyping was conducted for 195 individuals that gave consent to the present survey. Genotypes for AGT174 were determined as described in elsewhere (Hegele et al., 1994) . Briefly, genomic DNA was extracted from peripheral white blood cell using DNA Extractor WB Kit (Wako Pure Chemical Industries, Ltd). The genomic region encompassing AGT codon 174 was amplified using polymerase chain reaction (PCR), using the primers as published: 5Ј-CAGGGCTGATAG-CCAGGCCCA-3Ј, 5Ј-GAGAGCCAGGCCCTGCACAAA-3Ј. The PCR product was digested with the restriction enzyme NlaIII. The absence of the AluI site was designated the T174, and the presence of this restriction enzyme cutting site was designated the M174.
Analysis 1) Classification of the subjects (1) Classification by AGT gene genotype and alcohol consumption The AGT gene T174M polymorphism comprises 'threoninethreonine (TT)' type and 'methionine-methionine (MM)' type as homozygotes, and 'threonine-methionine (TM)' type as heterozygote. However, since only one of 185 subjects corresponded to 'MM' type, the AGT genotype of subjects was classified into the two categories of 'TT' type and 'TM or MM' type in this study. As regards alcohol intake, the subjects were classified into 'non-or light drinkers' and 'moderate or heavy drinkers'. According to the analyses on distribution of alcohol consumption for 185 subjects, 33 and 66 percentiles of daily average alcohol consumption in the subjects corresponded to 13.7 g and 37.6 g, respectively. Then, the 'non-or light drinkers' was defined as the individuals in the lowest tertile of the distribution; less than 13.7 g of daily average alcohol consumption. Accordingly, alcohol consumption of the 'moderate or heavy drinkers' corresponded to 13.7 g or more per day in this study.
Then, the subjects were classified into the following four subgroups crossed by the two T174M categories and the two alcohol intake categories: 'Non-or light drinkers with TT type', 'Non-or light drinkers with TM or MM type', 'moderate or heavy drinkers with TT type', and 'moderate or heavy drinkers with TM or MM type'.
(2) Classification by blood pressure Hypertension was defined as '140 mmHg or more of systolic blood pressure (SBP)' and/or '90 mmHg or more of diastolic blood pressure (DBP)' (Members of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordinating Committee, 1997). On the other hand, high normal blood pressure (HNBP) was defined as '130 mmHg to 139 mmHg of SBP and less than 90 mmHg of DBP' or '85 mmHg to 89 mmHg of DBP and less than 140 mmHg of SBP' (Members of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordinating Committee, 1997). The subjects being medicated by antihypertensive drugs were classified as hypertensives, regardless of measured blood pressure levels. The subjects with less than 130 mmHg of SBP and less than 85mmHg of DBP were considered as normotensives on condition that any blood pressure lowering medications were not provided.
2) Epidemiological analysis
First, as a cross-sectional study, several basic health characteristics including blood pressure and sodium intake were compared between the aforementioned four subgroups. For the purpose of analyzing the relations of the blood pressure to alcohol consumption more clearly in the two genotypes, the crude prevalence of HNBP and hypertension in 2000 were calculated in each of the six small groups crossed by the two AGT genotype categories and tertiles of daily alcohol intake. Next, the adjusted prevalence of HNBP and hypertension at 2000 controlled for age, body mass index (BMI), smoking habits and sodium intake were calculated by the four subgroups and compared between the subgroups. The BMI was estimated as body weight (Kg) divided by square of height (m 2 ). The adjusted values were calculated on the basis of a linear regression model setting age, BMI, smoking habits (non-or ex-smokers: 0, current smokers: 1) and sodium intake as covariates.
Secondly, as a longitudinal study, risks (or cumulative incidence rates) of development into HNBP or hypertension in 2000 among 95 subjects who had been normotensive in 1998 and development into hypertension in 2000 among 53 subjects who had been in the HNBP in 1998 were calculated by the four subgroups. The adjusted risks were also estimated for development into HNBP using the same model as formed in the calculation of prevalence. However, the adjusted values for development into hypertension were not calculated because the values of risk were too small.
All the statistical analyses were conducted using the SAS Statistical Package (SAS Institute Inc., 1990A). For the statistical test of mean difference between selected different two groups, Student's t test was applied. Paired-t test was used for testing the differences in some parameters between 1998 and 2000 for the same subjects. Chi-square test or Fisher's exact method was applied for testing the difference in proportion between selected different two groups. Correlation between alcohol intake category and proportion of a particular blood pressure category (for example, the HNBP) was tested using extended-Mantel-Haenszel method (Mantel, 1963) . For the calculation of the adjusted prevalences or risks, the GLM procedure (SAS Institute Inc., 1996B) in SAS Statistical package was applied. 
Ethical approval of the study
The Ethical Committee of Kyorin University School of Medicine approved the performance of this study by issuing an approval certificate.
Results
In Table 1 , basic personal information of 185 subjects is summarized. As compared to data in 1998, the mean BMI, SBP, and DBP and proportion of hypertensives were slightly increased in 2000, although these changes were not significant (pϾ0.2 for each change). After the two-years interval, the proportions of hypertensives and medicated hypertensives increased by 4.9% and 1.0%, respectively, whereas the proportions of normotensives and the HNBP decreased by 2.2% and 2.7%, respectively. In Table 2 , the characteristics of the four subgroups are compared. In both years, the mean BMI levels were found to be greater in 'moderate or heavy drinkers with TT type' than in 'moderate or heavy drinkers with TM or MM type' (pϭ0.06 for 1998 and pϭ0.03 for 2000). At 1998, the SBP was higher (pϭ0.08) in 'moderate or heavy drinkers' than in 'non-or light drinkers' among 'TT type'. However, no clear differences in SBP or DBP were found between the two drinking groups for 'TM or MM type' in both years (pϾ0.3 for each combination). There were no clear differences in SBP or DBP between the four subgroups in 2000 (pϾ0.3 for each combination). Also, no significant differences in the proportion of medicated hypertensives in 2000 were found between the four subgroups (pϾ0.3 for each combination). Daily mean alcohol intake was remarkably greater in 'moderate or heavy drinkers' than in 'non-or light drinkers' in each genotype (pϽ0.001 for each combination), but alcohol consumption was almost equal between the two genotypes within the same alcohol category. The proportion of current smokers and daily mean sodium intake were also greater in 'moderate or heavy drinkers' than in 'non-or light drinkers' in each genotype. However, the differences in percentage of current smokers or sodium intake between the two drinking groups were not significant at the 0.01 levels in both genotypes (pϭ0.17 for percentage of smoking, and pϾ0.3 for sodium intake for both genotypes.).
In Fig. 1 and Fig. 2 , proportions of blood pressure categories are compared between three alcohol intake categories in 'TT type' and 'TM or MM type', respectively. In 'TT type', the prevalence in HNBP or hypertension did not significantly differ among the three groups. On the other hand, in 'TM or MM type', the prevalence of HNBP increased with increasing alcohol intake, although the trend did not reach significant level (pϭ0.07). However, such positive association was not found between the hypertension prevalence and alcohol intake in 'TM or MM type'. In the subjects with 13.7 g or more of daily alcohol intake and in those with 37.7 g or more, the HNBP prevalence were significantly greater in 'TM or MM type' than in 'TT type' (Pϭ0.02 and 0.03, respectively), whereas there was not difference in HNBP prevalence between the two genotypes in those with 13.6 g or less of daily alcohol intake.
In Table 3 , the prevalence in the HNBP and hypertension 190 Alcohol and Blood Pressure (1865) 6050 (1532) † : Mean and standard deviations (in parentheses) are indicated., BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, T174M: Angiotensinogen gene T174M polymorphism, non-or light drinkers: less than 13.7 g of daily alcohol consumption, moderate or heavy drinkers: 13.7g or more of daily alcohol consumption, Superscript a, b, and c denote that the subgroup from which mean or rate difference is significantly (pϽ0.05) different for the same item corresponds to group (1), group (2), and group (3), respectively. adjusted for age, BMI at 2000, smoking habits and sodium intake between 1998 and 2000 are listed by the four subgroups. The adjusted HNBP prevalence was significantly (pϭ0.03) greater in 'TM or MM' type (57.9%) than in 'TT' type (24.9%) in subjects with 13.7 g or more of daily alcohol intake, whereas no difference in this parameter was found between the two genotypes in those with less than 13.7 g of daily alcohol intake (18.2% and 18.3%, respectively). For the adjusted hypertension prevalence, no significant differences were found among the four subgroups. That is, the interactive effect of the genotype and alcohol intake on hypertension was not apparent. On the contrary, it was found that the prevalence rates in 'moderate or heavy drinkers with TM or MM type' were the lowest among the four subgroups.
In (3), respectively). There were more than two times but non-significant (pϭ0.07) difference between the two genotypes in moderate or heavy drinkers. For hypertension, development risks from normal pressure or from HNBP did not significantly differ between the Fig. 1 Proportions of hypertension, high normal blood pressure (HNBP) and normal pressure according to daily alcohol intake in 'TT type' of angiotensinogen gene T174M polymorphism.
Fig. 2
Proportions of hypertension, high normal blood pressure (HNBP) and normal pressure according to daily alcohol intake in 'TM or MM type' of angiotensinogen gene T174M polymorphism.
four subgroups (pϾ0.3 for each combination). None of normotensives with 'TM or MM type' developed into hypertension in two years later, whereas about 11% of 'TT type' normotensives in 1998 were diagnosed as hypertensives in 2000 (pϭ0.15 for the risk difference between 'TM or MM type' and 'TT type').
Discussion
The results from the present analyses suggest that alcohol drinking might be specifically associated with the HNBP in 'TM or MM type'. First, alcohol consumption was positively associated with increased prevalence of HNBP only in 'TM or MM type'. Secondly, the crude and adjusted prevalence of HNBP were significantly greater in 'TM or MM type' than in 'TT type' among moderate or heavy drinkers. In the two-years longitudinal study also, the crude and adjusted risks for development into HNBP from normal pressure were exceptionally large in 'moderate or heavy drinkers with TM or MM type'. There might be differences in genetic predisposition to alcohol-induced blood pressure elevation into HNBP between 'M allele carriers' and 'TT type'. The mechanisms underlying blood pressure elevation by alcohol intake remain unclear. Nevertheless, there can be some hypotheses about the cause for alcohol-induced increase in blood pressure as follows: a rebound phenomenon against alcohol-induced acute blood vessel dilatation and blood pressure decrease, toxic effects of acetaldehydes as a metabolite of ethanol, effects of high salt intake or other nutritional characteristics among drinkers, etc. However, the results in the present study suggested that the association between alcohol intake and blood pressure might be at least in part derived from AGT-related metabolic system. The AGT is secreted by the liver; sequential cleavage of the AGT by renin and angiotensin-converting enzyme produces the active hormone angiotensin II, which promotes a rise in blood pressure (Lifton, 1996) . Accordingly, the amount of AGT secreted by liver and serum AGT concentration may be important determinants of blood pressure. For example, it is suggested that oral contraceptives may induce hypertension through increased secretion of the AGT (Mulatero et al., 2001) . Therefore; the M allele carriers of AGT gene T174M polymorphism, 'TM or MM type', might specifically raise serum AGT level in response to alcohol intake, resulting in blood pressure elevation. However, this speculation should be examined by further experimental and epidemiological studies including measurement of serum AGT level.
On the other hand, the associations of alcohol intake and hypertension were not clear in either of 'TT type' and 'TM or MM type', and the interactive effects of alcohol intake with T174M polymorphism and hypertension were not clearly found in this study. Actually, the mean SBP and DBP levels did not substantially differ between the two genotypes within the 'moderate or heavy drinkers'. The negative data regarding 192 Alcohol and Blood Pressure T174M: Angiotensinogen gene T174M polymorphism, HNBP: High normal blood pressure, non-or light drinkers: less than 13.7 g of daily alcohol consumption, moderate or heavy drinkers: 13.7 g or more of daily alcohol consumption. Superscript a and c denote that the subgroup from which adjusted prevalence is significantly (pϽ0.05) different for the same blood pressure category corresponds to group (1) and group (3), respectively. HNBP:
High normal blood pressure, The values in (parentheses) denote the 95% confidence intervals. non-or light drinkers: less than 13.7 g of daily alcohol consumption, moderate or heavy drinkers: 13.7 g or more of daily alcohol consumption.
hypertension prevalence or risk might reveal that the magnitude of alcohol-induced changes in AGT-related system is at least not great. However, as an important limitation of the present study, the sample size was too small to appropriately assess the frequencies of hypertension among the four subgroups. Moreover, it should also be reminded that the follow-up duration was only two years in this study. If the observation period were much longer, the difference pattern in risk of hypertension among the four subgroups might have been changed from the present result. Another important problem of this study was that the subjects were confined to Japanese workers. The persons who could not work or enter the company by particular health problems had been necessarily excluded from the subjects. This selection bias, the 'healthy worker effect' (Rothman, 1986) , may have also affected the results. Previous reports on relations of blood pressure to variations of the AGT gene include conflicting results. There was a largescaled epidemiological study for a Chinese population showing no associations between the variants of AGT gene and blood pressure (Niu et al., 1999) , whereas the significant associations were indicated in other studies (Jeunemaitre et al., 1992; Hunt et al., 1998; Iso et al., 2000) .
Mean sodium intake was, though not significantly, greater in 'moderate or heavy drinkers' than in 'non-or light drinkers'. Therefore, there can be a possibility that the apparent interactions of alcohol intake with T174M genotype and the HNBP reflect the effects of sodium. However, since the results from crude analyses did not basically change even after adjustment for age, BMI, smoking habits and sodium intake, we believe that the confounding effects of sodium intake and other factors are, if any, small and the interactions of ethyl alcohol with T174M genotype and the HNBP actually existed.
There have been a few studies suggesting the interaction of sodium intake or body weight with genetic variations of the AGT gene and hypertension (Hunt et al., 1998; Iso et al., 2000; Hunt et al., 1999) . Iso et al. (2000) reported that the AGT 174M allele was significantly positively associated with hypertension, whereas the association of the AGT 235T allele was not clear, and the relationship between the 174M allele and hypertension was more evident among persons who had higher urinary sodium excretion than those with lower excretion on the basis of a community-based case-reference study for a non-drinking, lean Japanese residents. Hunt et al. (Hunt et al., 1998; Hunt et al., 1999) showed from clinical trials that an A for G base pair substitution at position -6 in the promoter region of the AGT gene or the AGT 235T allele carrier showed greater blood pressure reduction in response to sodium or weight reduction intervention. The AGT 174M allele is likely to have a close genetic linkage with the AGT 235T allele and adenine substitution at position Ϫ6 in the promoter region (Jeunemaitre et al., 1992; Sato et al., 2000) . Therefore, the similar results might be observed also in an identically designed study using M235T polymorphism or A/G polymorphism at position -6 instead of T174M polymorphism. Furthermore, it can be assumed that such AGT gene haplotype simultaneously determines the susceptibilities of blood pressure to salt reduction, weight reduction and alcohol reduction.
In this study, the subjects were classified into the two groups according to the amount of alcohol consumption, and the cut-off point of classification was set as 13.7 g per day, which corresponded to 33 percentiles of the alcohol intake distribution for the subjects. Although the determination of this cut-off value was arbitrarily done, this borderline is likely to be appropriate also to discriminate habitual drinkers from nonhabitual drinkers. For, in this study, about 90% (ϭ112/124) of the subjects with the intake amount of this cut-off value or more, 'moderate or heavy drinkers', corresponded to 'three times or more per week' drinkers, while 82% (ϭ50/61) of those with the amount below the value, 'non-or light drinkers', was non-drinkers or 'two times or less per week' drinkers. Therefore, the results from the present study may represent the interactive effects of habitual drinking and T174M genotype on the HNBP.
The HNBP is a pre-stage of hypertension, which is at higher risk not only for development into hypertension but also for occurrence of cardiovascular diseases as compared with normotensives (Members of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordinating Committee, 1997; Neaton et al., 1992; National High Blood Pressure Education Program Working Group, 1994) . In this sense, it can be considered that prevention of progression from normal pressure to the HNBP is significant as a strategy for primary prevention of cardiovascular diseases with or without apparent hypertension. Therefore, the findings of this study might suggest the importance of moderation of alcohol intake especially in the individuals with M allele of AGT T174M polymorphism.
